Sinusoidal Steady State Analysis

Assessment Problems

AP9.1 [a] V = 170/—40°V
[b] 10sin(1000¢ + 20°) = 10 cos(1000¢ — 70°)

I=10/~70°A
[c] T=5/36.87°+ 10/—53.13°

=44 j34+6—j8=10—7j5=11.18/—26.57° A

[d] sin(20,0007t + 30°) = cos(20,0007t — 60°)
Thus,

V = 300/45° — 100/—60° = 212.13 + ;j212.13 — (50 — 786.60)
= 162.13 + 5298.73 = 339.90/61.51° mV
AP 9.2 [a] v = 18.6 cos(wt — 54°) V
[b] I =20/45°—50/—30° = 14.14 + j14.14 — 43.3 + 525
= —29.16 + 739.14 = 48.81/126.68°

Therefore i = 48.81 cos(wt + 126.68°) mA
[e] V =20+ 580 —30/15° =20+ ;80 — 28.98 — j7.76
= —8.98 + 572.24 = 72.79/97.08°
v = 72.79 cos(wt 4+ 97.08°) V

AP 9.3 [a] wL = (10*)(20 x 107%) = 2000
[b] Z; = jwL = 52009
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[c] VL =1Z; = (10/30°)(200/00°) x 107% = 2/120° V
[d] vy = 2co0s(10,000t 4+ 120°) V

1 -1
AP9.4 [a] Xp = — =
lal Xe= 75 = 10005 x 10-9)

[b] Zc = jXc = —j504

= —50Q

Vo 3025
= = — 0.6/115° A
el 1= = 50000 [15°

[d] i = 0.6cos(4000t + 115°) A
AP 9.5 I, = 100/25° = 90.63 + j42.26

I, = 100/145° = —81.92 4 j57.36
Is = 100/-95° = —8.72 — 799.62
14 = _(Il + IQ + Ig) = (O —l—jO) A, therefore i4 =0A

125/—60° 125
AP9.6 [a] I= 2= = =2 (60 — 0,)°
Z|p. 12
But —60 — 0, = —105° .. 0, =45°

Z =90 + j160 + jX¢
1

Xo = =708 Xe=——=
c ; c oC

—70

1

(70)(5000) ~ >0 HF

C =
V. 125/-60°
b] I=—=—"—— =0.982/—105°4; .o I =0.982A
[b] Z (90 + 590) 7 1

AP 9.7 [a] ﬂﬂ

et A It L B
a0 2544F

SmH

w = 2000rad/s

—1
L =101 — = -200
W ’ wC

20(10)
(20 + 510)
=4+ j8+5—520=(9—j12)Q

Ty = 20]1710 4 5 + 520 = +5— 520



Problems 9-3

-1

o~ 50
wC

[b] wL =409,

20)(;j40
Zay =5 — j5 + 20]|j40 = 5 — 55 + [()(‘7)1

20 + 540
=5—-4j5+164+ 78 =(21+43)Q

el Zoy = lwl + (5 . W)

20 + jwL 25w

B 20w2L? n 7400w L n 410°
400 + w?L? 400 4 w2L? 25w
The impedance will be purely resistive when the j terms cancel, i.e.,

400w L 10°

400 + w?L? 25w
Solving for w yields w = 4000 rad/s.

20w?L?
dl Z,)= ———=+5=10+5=15Q
L] Zsy 400 + w?L? + +
AP 9.8 The frequency 4000 rad/s was found to give Z,, = 15 () in Assessment Problem 9.7.

Thus,

\Y% 150/0°
V =150/0°, I, = = 0 =10/0°A

Ly 15

Using current division,

20

=2 (10)=5— j5 =T.07/—45° A
20+j20( ) J (=45

I

i, = 7.07cos(4000t — 45°) A, I, =T7.07TA

AP 9.9 After replacing the delta made up of the 50 €2, 40 €2, and 10 €2 resistors with its
equivalent wye, the circuit becomes

I Ay
—= 140

1400 I—leQ
136V —
502

2062

402




94

AP9.10

CHAPTER 9. Sinusoidal Steady State Analysis

The circuit is further simplified by combining the parallel branches,

(20 + j40)||(5 — j15) = (12 — j16) Q2

Therefore I = 136&

14412 — j16 +

4

V, =240/53.13° = 144 + 5192V

Vy; =96/—90° = —j96 V

jwL = j(4000)(15 x 107%) = j60 Q)

1 6x10°
jwC — 7 (4000)(25)
Perform source transformations:
Vi 144 + 5192
j60 460
Va 96

Y2 P 8A
50 = Jgp = —I48

— —j60Q

=32 j24A

=4/28.07° A

3.2-32.4A(F Ejﬁﬂﬂ

£3000 T

-j600) £2000 (1

Combine the parallel impedances:

1 1 1 1 j5

Z=—==12Q

1
Y

+

I.Z+j2.an(ty v =120

u]

1

760 T30 T 2560 20 j60 12

V, =12(3.2 4 j2.4) = 38.4 + j28.8V = 48 /36.87° V

v, = 48 cos(4000¢ + 36.87°) V

-394 .88



Problems 9-5

AP 9.11 Use the lower node as the reference node. Let V; = node voltage across the 20 2
resistor and V1, = node voltage across the capacitor. Writing the node voltage
equations gives us

V, — 10L, —710

Vi
YU opse 4+ LT and Vi = —2—(10L,
20 BT and - Vi = 757775 (10L)

We also have

_V1

L=t
20

Solving these equations for Vy, gives Vry, = 10/45°V. To find the Thévenin
impedance, we remove the independent current source and apply a test voltage
source at the terminals a, b. Thus

1002 1002
LA A 3 A,
Ixe I e
T
2200 T 100 Q)vT
10T

It follows from the circuit that
10L, = (20 + j10)L,

Therefore

\% \%
e
—710 10

I,=0 and Iy =

A%
e I—T, therefore Zty, = (5 — j5) Q2
T

AP 9.12 The phasor domain circuit is as shown in the following diagram:

A
200
+

:LD@”A@ SNEv T-i2009)0 §j5ﬂ (y100/-90°v
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AP 9.13

AP9.14

CHAPTER 9. Sinusoidal Steady State Analysis

The node voltage equation is

A% A% V V —100/— 90°
104+ -+ —— 4
st 5o T T 0

Therefore V =10 — 530 = 31.62/=71.57°
Therefore v = 31.62 cos(50,000t — 71.57°) V

Let I, I, and I, be the three clockwise mesh currents going from left to right.
Summing the voltages around meshes a and b gives

33.8=(1+4+72)L,+ (3—45)(I. — L)
and
0=(3—j5)(I, — I,) + 2(I, — L,).
But
V, = —j5(L — L),
therefore
I. = —0.75]—j5(I, — I,)].
Solving for I = I, = 29 + j2 = 29.07/3.95° A.
[a] M =0.4v0.0625 =0.1H, wM =800
Zay = 40 + 5800(0.125) 4 360 + 7800(0.25) = (400 + 7300) 2

Therefore |Zss| = 500, Z35, = (400 — 5300) 2

80 2
Z, = (500> (400 — j300) = (10.24 — j7.68) 2

245.20

bl I = =0.50/—53.13° A
b L 184 + 100 + 5400 + Z, [=53.18"

i1 = 0.5c0s(800t — 53.13°) A

o) 80 . .
I — (222 0.5/— 53.13°) = 0.08/0° A
lel I <222 L7 500 ,36. 500/36.87° ) o

19 = 80 cos 800f mA



APO9.15 I, =

Problems

\% 25 x 103 0°

Zy+ Zafa? 1500 + 56000 + (25)2(4 — j14.4)

=4+ j3="5/368TA

V, =V, — ZiI; = 25,000/0° — (4 + j3)(1500 + j6000)

Vo =

I, =

Also,

= 37,000 — 728,500
1
—2—5V1 = —1480 + 51140 = 1868.15/142.39° V

V,  1868.15/142.39°
22 _ =125/—143.13° A
7o 4—j14.4

Iy = =251,
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Problems

P9.1 [a] w=2nf=2376991radls, f= Qi = 600 Hz
T
[b] T =1/f = 1.67ms

[c] V., =10V
[d] v(0) = 10cos(—53.13°) =6V

—53.13°(2
le] 6= —53.13°. ¢ = 5336‘?)<”> — —0.9273 rad

[f] V = 0 when 3769.91¢ — 53.13° = 90°. Now resolve the units:
143.13°

(180° /)

[g] (dv/dt) = (—10)3769.91sin(3769.91¢ — 53.13°)

(3769.91 rad/s)t = = 2.498 rad, t =662.64 us

(dv/dt) =0 when 3769.91¢ — 53.13° = 0°

53.13°
It = ——— =0.92 d
or 3769.9 57.3° /rad 0.9273 ra

Therefore ¢ = 245.97 us

L 2
PO2  Vime = \/T/O V2 sin? %tdt

T/2 2 V2 (T/2 4 V2T
Vn%sin2< 7r>tdt:2m (1—cos7rt) dt = 2
0

0 T T 4
1 V2T
Therefore Vg = {/ =2 = -
ererore T 4 5

P93 [a] 40V
[b] 27 f = 100m7; f = 50Hz
[e] w= 1007 = 314.159 rad/s

2m o T
[d] O(rad) = 360° (60°) = 3= 1.05 rad
[e] 6 =60°
1
T = — = pu— 2
[f] 7~ 50 0 ms

[g] v = —40 when

1007t + g — 7 . t=6.6Tms



Problems

01
[h] v = 40 cos {1007 (t _ 0;) n 7;]

= 40 cos[1007t — (7/3) + (7/3)]

= 40 cos 1007wt V
[i] 1007 (t —t,) + (7/3) = 1007t — (7/2)
1007t, = 5(;; t, = 8.33ms

[j1 1007 (t +t,) + (7/3) = 1007t + 27

1007t, = 5;; t, = 16.67 ms

16.67 ms to the left
P94

1D_-D_CDS(M+BD)

1|;D_CDS('L-'\-JT+SD;I

1£cos(m)

1[?5:09(M—3E|)
-

_|100cas(wt-60)

[a] Left as ¢ becomes more positive
[b] Left

P95 [a] By hypothesis
v = 80 cos(wt + )

d
dit) = —80w sin(wt + 0)

80w = 80,000; w = 1000rad/s

1
bl f=— =159.155Hz; T = - =6.28ms
2T f

—27/3
6.28

v = 80 cos(1000¢ + 30°) V

= -0.3333, .. 6=-90—(—0.3333)(360) = 30°

9-9
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T
P9.6 [a] §:8+2:10ms; T = 20ms

f= 1o somg
T 20x 1073
[b] v =V, sin(wt + 6)
w = 27 f = 1007 rad/s
100m(—2 x 1073 +0=0; .. 0= % rad = 36°

v = V,, sin[1007t + 36°]
80.9 = V,,, sin 36°; Vi, = 137.64V

v = 137.64sin[1007t + 36°] = 137.64 cos[1007t — 54°]| V
to+ T
P97 u= / V2 cos®(wt + @) dt
to

otT1 1
= VQ/ 3 + 3 cos(2wt + 2¢) dt

o

. totT
{LZO“L dt + / cos(2wt + 2¢) dt}
to
Loy totT
{T + % {Sln(2wt +2¢) |, ”

2
Vo I .
=5 {T + %0 [sin(2wt, + 47 + 2¢) — sin(2wt, + 2¢)}}

-(3)+ L= ()

P9.8 Vi, = V2V = v2(120) = 169.71V
P9.9 [a] The numerical values of the terms in Eq. 9.8 are

Vi = 20, R/L = 1066.67, wL =60

VR2 + w2L? = 100

¢ = 25°, 0 = tan"' 60/80, 6 = 36.87°

Substitute these values into Equation 9.9:

i = [—195.72¢ 710%™ 1 200 cos(800t — 11.87°)| mA, >0

[b] Transient component = —195.72¢~1066-670 mA
Steady-state component = 200 cos(800¢ — 11.87°) mA
[c] By direct substitution into Eq 9.9 in part (a), i(1.875ms) = 28.39 mA

[d] 200mA, &800rad/s, —11.87°



Problems

[e] The current lags the voltage by 36.87°.

P9.10 [a] From Eq. 9.9 we have

di  VRcos(¢ —0) _piry  wLVipsin(wt+¢ —0)
o e _

dt VR +w?L? VRZ + w202
=V Rcos(¢ — e (B/D! N ViR cos(wt + ¢ — 0)
ST JRioD VI

di , Rcos(wt + ¢ — ) —wLsin(wt + ¢ — 0)
L—+Ri=V,

a VvV R? 4+ w22

But

Ri

f =cosf and Lzsin@

VIR? 4+ w?? VIR? 4+ w?l?
Therefore the right-hand side reduces to
Vi cos(wt + @)
Att =0, Eq. 9.9 reduces to
(0) —Vicos(¢p —0)  V,, cos(p —0)
7 —_=
VR? — w?L? VR? + w?L?
Vin

b] iy = ———cos(wt +¢ — 0

[b] s cos(wt + 6 = 0)
Therefore

di —wl
& LV sin(wt 4+ ¢ — )

dt  /R?+w?L?

and

, ViR
R/LSS = W COS(wt + gb — 0)

diSS+R, v Rcos(wt + ¢ — 0) —wLsin(wt + ¢ — 0)
ar e T VR + L

=V, cos(wt + ¢)
P9.11 [a] Y =50/60°+ 100/—30° =111.8/—3.43°
y = 111.8 cos(500¢ — 3.43°)
[b] Y = 200/50° — 100/60° = 102.99/40.29°
y = 102.99 cos(377t + 40.29°)

[c] Y =80/30° —100/— 225° 4+ 50/—90° = 161.59/ — 29.96°
y = 161.59 cos(100t — 29.96°)

o-11
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[d] Y =250/0° 4+ 250/120° + 250/ — 120° = 0

y=20

P9.12 [a] 1000Hz

[b] 6’0 =0°
200/0° 200
1= = /—90°=25/—90°  6; = —90°
el 1=—00 = ol !
200 200
d] = = 25; L=""=380Q
Wi op =2 wh=57=8
8
L=—— =127mH
el L= 5 000y "
[(fl Z, = jwL = j8Q
P9.13 [a] w = 27 f = 314,159.27 rad/s
Vo 10x1073)0°
I=——=—""——"52==jwC(10 x 107)0° = 10 x 10~*wC /90°
[b] 70 1/jwC JwC(10 x 107°) 0° = 10 x 10°wC' /90
91‘:900

[c] 628.32 x 107 =10 x 102 wC
1 10 x 1073

P 15920, . Xe=-15.920
0O 63 x 108 9% © 5
1 1
d O p— pr—
] O = 15.92(0) = (15.92)(100% x 10%)
C =02 uF

= |
le] Z. — (w) 15920

P9.14 [a] jwL = j(2 x 10*)(300 x 107%) = j6 Q

1 1
1o — j100; T, = 922/30° A
joC e xih(B x10-0) I e

922 /30" (F 2100 T-3100 560




P9.15

P9.16

P9.17

Problems

[b] V, = 922/30°Z,

1 11
Zezi; Yvezi | — -
Y, 10 70 856
Y, = 0.18 + j0.04S
1

Zo=——— = 542/— 12.53°Q
0.18 + j0.04 [=12.58°

V, = (922/30°)(5.42/ — 12.53° ) = 5000.25/17.47° V
[e] v, = 5000.25 cos(2 x 10* + 17.47°) V

[a]l Z, = 7(8000)(5 x 107%) = j40Q

—j _
Zo = — —j100Q
¢~ (8000)(1.25 x 10-6) 7

40¢! 3400

A ST L

I ‘
/ 1
600,20 v(* w-jmm

600/20°
bl 1= = 8.32/76.31° A
Lb] 40 + 740 — 5100

[c] i = 8.32cos(8000t 4 76.31°) A

|
Z =4+ 5(50)(0.24) — j o~ =4+ j4 = 5.66/45° Q
0002 = w0025 ~ 4
Voo0.1/—90°
L= = = _1768/— 135°mA
Z ~ 5.66/45° m

io(t) = 17.68 cos(50t — 135°) mA

1 N 1 N 1
344 16—j412  —j4

= 0.12 — 50.16 4+ 0.04 + 50.03 + 70.25
= 0.16 + j0.12 = 200/36.87° mS

[b] G = 160mS

[c] B =120mS

[a] YV

9-13
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I 8

d] I=8/0°A V=—=— " —40/-36.87°V
d] Q" A, Y 0.2/36.87°
V. 40/-36.87°
Ip=— = ———————10/53.13°A
“T 7 4/—90°

ic = 10 cos(wt + 53.13°) A, I, =10A

P9.18 Z; = j(2000)(60 x 107?) = j120Q

—j ‘
Ze = = —j40Q
¢ = (2000y(12.5 x 10-5) 7

Construct the phasor domain equivalent circuit:

= 1200} £ 400)
05/ l

I +
=400 %”m v,

Using current division:

B (120 — j40)
120 — 540 + 40 + 5120

(0.5) = 0.25 — j0.25 A

V, = j1201 = 30 + ;30 = 42.43/45° V
Vo = 42.43 cos(2000¢ + 45°) V

P9.19 [a] V,=300/78°  I,=6/33°

V, 300/78°
Z=-9= — 50/45° Q
I, 633

[b] ¢, lags v, by 45°:
27 f = 50007; f = 2500 Hz; T =1/f =400 pus

o

45
iy lags v, by %(400 ps) = 50 us



Problems

1 1

P 9.20 =
JjwC (1 x1076)(50 x 103)

= —j200

jwL = 750 x 103(1.2 x 107*) = j60Q

V, = 40/0°V
-jz06l
% Ig
+
éméovc VEBDQ g 160()

Z, = —320 + 30|60 = 24 — j8 Q)

40/0°
I — — 1.5+ j0.5mA
97 50— 8 +lom

| 30(j60)
V, = (30[[760)I, = 30 + 760

(1.5 + j0.5) = 30 4 j30 = 42.43/45° V
Vo = 42.43 cos (50,000t + 45°) V

1
P921 [a]l Z1 =R —j—

wCl
7 Rg/jwcg . R2 o RQ — jWR%CQ
2T R+ (1/jwCy) 1+ jwRsCor 1+ w2R3C2
Ry
Zl = ZQ when Rl = W and
| WR2C, | 4 W R
= cm O Gi= e
WOl ]. + w2R202 WQRQCQ
1
[b] R, = 000 =200

1+ (40 x 10%)2(1000)2(50 x 10-9)2

(. _ L (40 x 10°)2(1000)°(50 x 10~°)?
" (40 x 10%)2(1000)2(50 x 10-9)

= 62.5nF

9-15
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1
P9.22 [a] Yo = — 4 jw(Cy
Ry
1 ijl W2R1012 + jw01

Y: p— p—
R+ (1/jwC) 1+ jwRiC 1+ w?RICE

Therefore Y, =Y; when

1 + MZR%C% Cl
-~ 171 d Rt S
fo=—per @ =1 apes
1+ (50 x 103)2(1000)2(40 x 1072)>
b] R, = = 12500
[b] £, (50 x 103)2(1000)(40 x 10-9)2
40 x 1079
Cy = — 8nF
27 11 (50 x 10)2(1000)2(40 x 10-9)2 _ "
P9.23 [a]l Z1 = Ry + jwl,
7. — RQ(jWLQ) . w2L§R2 +]C¢)L2R%
7 Ro+jwLy,  R?+w?L2
w2L2R2 R2L2
7z =7 h R =— "2< d [, =272
! 2 when i R2 + w22 an " RZ 4 w2

(4000)2(1.25)2(5000)

b] R, = — 25000
b] 21 = 002 + 40002(1.25)2
(5000)2(1.25)
L — — 625mH
7 50002 + 40002(1.25)2 m
P94 [a] Yy— o — I
’ 2T R2 ng
1 . Rl —ijl

Y, = —
""" Ri+jwl, R4+ wL?

Therefore Yo=Y, when

R? + W22 R? + W22
Ry= 1~ d [o=—-3%t " —"7"1
2 R1 an 2 w2L1
80002 + 10002 (4)>
b] R, = =10k
bl 7, 8000
2 1 2 4 2
1, _ 8000% + 1000 G-

10002(4)



Problems 9-17

P9.25 V,=50080°V;  I,=0.1/83.13°mA

v
/= Tg = 5000/ — 53.13° €2 = 3000 — 74000 2

g

] 32 x 103

z=30004+j(w— ———

2 x 103
w — 32 x 107 — 4000

w

w2 + 4000w — 32 x 10° =0
w = 7.984 rad/s

50,000  —320 x 10°
+
3 w
_ 50,000 —j20 x 106 (1200 + j0.2w)
3 w 1200 + j[0.2w — 20x10%]

1(1200 + j0.2)

P9.26 [a] Zey =

50,000 =229E(1200 + 50.2w) [1200 — j (0.2w — 20X10°)]
= +
s 1200% + (0.2 — M)Q

w

20 x 10° 20 x 10° 20 x 10°
Im(Ze,) = — - (1200)% — 222 lozw <O.2w - X)] —0

w w W

6
20 x 105(1200)2 — 20 x 10° [0.2@0 (0.2w - Mﬂ —0

w

20 x 106
(1200)% = 0.2w (O.Qw - X)

w
0.22w? — 0.2(20 x 10°) 4+ 1200% = 0
w? =64 x10° . w=_8000rad/s

f=1273.24 Hz
50,000

[b] Z., = + —42500]|(1200 + j1600)

_ 50,000, (~j2500)(1200 + j1600)

= 20,000 €2
3 1200 — 7900 ’

30/0°
_ — 1.50°mA
97 20,000 " m

iy(t) = 1.5 cos 8000t mA
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P 9.27 [a] Find the equivalent impedance seen by the source, as a function of L, and set the
imaginary part of the equivalent impedance to 0, solving for L:
—J

26 = (500)(2 x 10-9)

= —41000
2000(;j500L)
2000 + j500.L

2000(j500L)(2000 — j500L)
20002 + (500L)?

Zeq = —51000 + j500L[|2000 = —51000 +

— 41000 +

2000%(500L)
20002 + (500L)2

Im(Z.,) = —1000 +

20002(500L)

= 1000
20002 + (500L)?

500212 — ;2000% +2000% =0

Solving the quadratic equation, L =4H

100,/0° 100,/0°
bl I, = - —0.1/0° A
(b1 1, —41000 + ;j2000([2000 1000 0

ig(t) = 0.1cos 500t A

: ‘ : —jR/wC
P9.28 L+ R||(— C) =jwl + —F——
[a] jwL + R||(—j/wC) = jwL + R—j/uC
. —JR
= L o ——
Jwh wCR — 71
. —jR(wCR + j1)
= Jwl
Juwk+ w2C?2R? +1
wCR?
Tn(Za) = wl = Z5erpa 7 =0
2
Lo O’
w2C2R?2 +1
2
WICPR?2 +1 = Ch
L
25x10~9)(100)2
(.UQ — (CRQ/L) - 1 _ ( >]f60><1()](_6 ) o 1 — 900 % 108
C?2R? (25 x 1079)2(100)2

w = 300 krad/s



Problems

(100)(—4133.33)

: =640
100 — 5133.33

[b] Z.,(300 x 10%) = 548 +
P9.29 jwL = j100 x 10*(0.6 x 107%) = 560 Q

1 —J
jwC (100 x 103)(0.4 x 10-°)

= —j25Q

~425 () 5 I
+ i} + —
— > Tr

V. §j6DQ 23000

Vo = —j25I7 + 51 — 301

60
27304560 ©
760

Vy = —j25I; + 25—
R Ty T

Iy

\%
L = Z,=20—j15=25/—36.87°Q

Ir
106

P 9.30 Zy = 400 — j
[a] £1 7500(2.5)

= 400 — 5800

F105L

Zy = 2000|[j500L = — I~ 2
2 17 2000 + j500L

. J105L

Tp = 7y + 7y = 400 — j800 4 —J— =
T=4t 4 7390 5000 + j500L

500 x 106 L2 2 % 10°L

— 400 — 800 + j
20002 1500222 7™ T 50002 1 500222

Zr 18 resistive when
2 x 10°L
20002 4 5002 L2
Solving, ; = 8 Hand L, = 2 H.

=800 or 500°L? — 25 x 10°L + 2000% = 0
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[b] When L = 8 H:
500 x 105(8)?

Zr = 400 = 2000 Q
g 20002 + 5002 (3)?
200 0°
I = — 100/0° mA
T
14 = 100 cos 500t mA
When L = 2 H:
500 x 106(2)2
Zr = 400 = 8009
T 20002 + 500(2)2
200/0°
I — — 250/0° mA
97 7300 % m
lg = 250 cos 500t mA
P931 [a] Vi = 1 =44x%x107°8
' 179500 x 103
oL
14,000 + 55w
14,000 , 5w

106 x 106 + 2502 7196 x 105 + 25?2
Y = jw2 x 107°
Yr=Y1+Yo+Y;

For i, and v, to be in phase the j component of Y7 must be zero; thus,

dw
2x107Y =
W 196 x 106 + 25w?

or
3

25w% 4+ 196 x 10 = ———
Wi 19 2% 109

25w? = 2304 x 10° . w = 9600rad/s

14,000

=10x107°S
196 x 105 + 25(9600)2 x

[b] Yy = 4.4 x 1075 +

Zr = 100kQ
V, = (0.25 x 1072 /0°)(100 x 10*) = 250° V

v, = 25 cos 9600t V



Problems

108 103(j0.5w)
P 9.32 Zy,=0500—j—+ —//————
lal Z I + 103 + j0.5w

105 5005w(1000 — 50.5w)
=000 = e 09502

500 ,1706 n 250w? L 5% 105w
- I T 105102502 7106 1 0.2502
10° 5 x 10°w

w 106 + 0.25w2

If Z, is purely real,

2(10° 4+ 0.25w%) = w?® . 4 x10° = W?
w = 2000 rad/s

[b] When w = 2000 rad/s
Z, =500 — 5500 + (y1000(]1000) = 1000 €2

20,0°
I — — 20/0° mA
9~ 7000 °m
V.=V, 1,7

Z; =500 — 75002
V, = 20/0° — (0.02/0°)(500 — j500) = 10 + 510 = 14.14/45° V
Vo = 14.14 cos(2000t + 45°) V

P933  Zy =1—j8+ (2+ j4)[|(10 — 520) + (40]20)

= 1—j8+3+j4+8+;16 =12+ 5120 = 16.971/45° Q

P 9.34  First find the admittance of the parallel branches

1 | 1
Y, — L —0.625— j1.875S
P06 T 12444 2 05 J
1 |
Z, = — = 0.16 + j0.48Q

P Y, 0.625— j1.875
Zap = —j4.48 4+ 0.16 + j0.48 + 2.84 = 3 — j4 Q)

| 1
— =120+ j160mS
Za 3 j4 Toum

Yab =

= 200/53.13° mS
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P 9.35

CHAPTER 9. Sinusoidal Steady State Analysis

Simplify the top triangle using series and parallel combinations:
(1+ 1)1 - j1) = 10

Convert the lower left delta to a wye:

4o DL g

1+451—451
—71)(1
Zy— DM g
1+791 -1
1)(—j1
1+791—-71
Convert the lower right delta to a wye: -1102
j1el
—71)(1
/7 L0 O B
1+91—-791
—71)(y1
. =Uh) _g
1+71—-71
11)(1
I
1+51—-71
The resulting circuit is shown below:
10
| - |
J1¢2 -J10
— 310 Lo e 310
a

Simplify the middle portion of the circuit by making series and parallel
combinations:

(1+j1—D)(1+1) =1]2=2/3Q

Zay = —j1+2/3+j1=2/30Q

agh ]



Problems

Z, 500 — 51000
9Zr 300+ j1600 + 500 — 51000

P936 V,=V (100/0°) = 111.8/— 100.3° V

v, = 111.8 cos(8000¢ — 100.3°) V

1
P9.37 —— = —j4000
JwC'
jwL = 712000

Let Z; = 200 — j400€%;  Zy = 600 + j1200 Q2
I, = 400/0° mA

Zy 600+ 51200

I, = I, = 0.4/0°
Zv+Zy 7 800+ 5800 (04/0%)

= 450 + j150 mA = 474.34/18.43° mA
ip = 474.34 c0s(20,000¢ 4 18.43°) mA

P 9.38

+
L+ |
I, T-320
V,
130 o
_>I2 1°
25 /0°v (3 50
+ I, I,
7
v, T -3
o 41)
iy

V, = j5(—j2) =10V

15
“25410+ (4-B3h=0 . L= =244 j18A
~J

L =1, — j5=(24+j18) — j5=24—j32A
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P9.39

P 9.40

CHAPTER 9. Sinusoidal Steady State Analysis

V= —j5ly + (4 — j3)I; = —j5(2.4 — j3.2) + (4 — j3)(2.4 + j1.8)

205+ (1+ 35+ (—1—412)=0 .. I3=62—j66A
I;=1;,— I, = (6.2 — j6.6) — (2.4 — j3.2) = 3.8 — j3.4A

V, 112

g —__Z__- J°Z
I, 38— ;34

=142 —;1.880Q
I, = 3/0°mA
1
— =—7040Q
JwC J
jwL = j0.49)

After source transformation we have

iy
2380} +
o -0.40)
—50.4/50.4([5 3
o — - ; 66 10 = 10mV
28+ —j0.4]j04]5 %6 < 107) = 10m
v, = 10 cos 200t mV
Lal 500
ICW" N
5000 1200
Iy .
v,C \I/ v, 1) 6+33.55
11500 ZZD R T-7400

V. = (50 + j150)(2/0°) = 100 + 7300 V
100 + j300
Ib — T~ i~
120 — 740

I = 2/0° + j2.5 + 6 + j3.5 = 8 + j6 A = 10/36.87° A

= j2.5A = 2.5/90° A

—1—j12V

V, =51+ V, =58+ j6) + 100 + 5300 = 140 + 5330 V = 358.47/67.01° V



Problems

[b] i, = 2.5 cos(800¢ + 90°) A
ic = 10 cos(800¢ 4 36.87°) A

v, = 358.47 cos(800t + 67.01°) V

P9.41 [a] jwL = j(1000)(100) x 1073 = 71002

1 106
= = 1000
joC — 7 o00y(10) ~— 7
11000
T ® 3
1000
247.49/45° & T -j1000
19/45° (5
EleDQ
' Je

Using voltage division,

(100 + 5100)[|(—4100)

Vap = - : :
>~ 4100 + (100 + 7100)[|(—;j100)

(247.49/45°) = 350,0°

Vin = Vap = 350/0°V

[b] Remove the voltage source and combine impedances in parallel to find

ZTh:Zab:
1 1 1
Yab = = : : =5—75mS
= 5100 T 100+ 4100 T —j100 jom
1
Zon = Zopy = —— = 100 + j100Q
Yan
[c]
1000 j100¢)
iy aaas ® -
350 /0 V

o
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P 9.42 Using voltage division:

36

_ 240) = 216 — j72 = 227.68/ — 18.43° V
367 60 a3 210 J [=18.43

VTh

Remove the source and combine impedances in series and in parallel:
Zmn = 36||(760 — j48) = 3.6 + 710.8Q

P 9.43  Open circuit voltage:

200§ -9500}
e I
— ¥
LD 1 Il'b
5/0 v L J £100 v,
sz BBIqu ~
 Je
\Z Vy — 1V,
— 4+ 88y + —2—- =0
10 "%t T s
L5 (Va/5)
= —— 2%
200
Solving,
Vo = —66 4 788 = 110/126.87° V = Vy,
Find the Thévenin equivalent impedance using a test source:
2000 -9500 ITE
Al I e
;Iq) v i
o J 2100 v,
BBI(Ij
B¢

Ve g 08V

Ir = — +88
T=90 T T Tigg
~V4/5
I, =
200

1 1/5 0.8
Ir =V |— —88-L- 4 ——
re T (10 200 © —j50>



Problems

\Y%

L =30 —j40 = Zpy,
Iy

Vi, —66+ 588
Zrn 30 — 540

In = =—-22+j0A =22/180° A

The Norton equivalent circuit:

T
£3DQ

2.2/0°8 (] J_

-5400

—!7 &b
P 9.44  Short circuit current
61
& + *—
jﬂZ;45DMj =20 EMQ
ISC
I
s 11 .
—613
Is=——~F
P 2
213 = —6ls; S Ig=0
I, =0; S0 Le=10/—45°A =1y

9-27

The Norton impedance is the same as the Thévenin impedance. Find it using a test

source
I
oTg Te

-+
+
=20 Enn v

T
I —
g
J1

Vi =06I5+2I5 =8l5, I

= I
2441 "
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Vo 815 78 ‘
T T2+ 0/ 2451 J

P 9.45 Using current division:

50

In=Lk= 777
N 80 + ;60

(4) =1.6—j1.2=2/—36.87° A
Zx = —j100]|(80 + j60) = 100 — 5502

The Norton equivalent circuit:

=
2/-36.87 A (& 21000
= -4500)
]
P9.46 w =2m(200/7) = 400 rad/s
Zo— ——1___ _j25000
400(10-5)
I 10k0)  199I, -j2500()
I Wiy - I
+ —32500( L
v £1000) 4. 7k()
' ZDDIT\I/ ‘
Vr = (10,000 — 52500)I7 + 100(200)I1
A%
Zrn = — = 30 — j2.5k0
Ir
P 9.47 .
(1-15md
+
I, (T A 5-915V 2 50000
5—7415
Iy=""7" 1 (1-j3)mA, ZyinkQ




Problems

4.5-96mA
+
INC,P ZN —18—]13.5V = —]BDDDD
—18 —4313.5
Iy=—— J22 L 45 j6mA, ZyinkQ
ZN
5— 15 . —18— 4135 .
1—93=——7—— 4.5 — 56
7. t1-d 7 +( j6)
23 —71.5
J22 353 Zn =4+ j3KQ
ZN
=2 s i6mA = 6/— 90° mA
p— —_ == — = —_ m
NT s Je=
® 2
| £ 410
EAQDE'QT‘
ma
.
ob
P 9.48 Open circuit voltage:
20 3100 500
iy AR Wi & a
+ +
250@ i 0.03v, Tov, v T-j1000
< oh
Vi — 250 A%
0,03V =0
20 + j10 50 — 7100
— 4100

o

" 50— 4100 '
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9-30 CHAPTER 9. Sinusoidal Steady State Analysis

Vi Vi Vi 250
20+ 10 ' 50 — 100 ' 50 — 5100 20 + 510

V; =500 — 5250 V; V, =300 — 7400V = Vp, = 500/ —53.13° V

Short circuit current:

20 3100 500
] \
250[ﬁ v Isc

|
W

250/0°

o= = 235 j0.5A
70 + 410 J

Von 300 — j400

T — —
™ L. 35-405

— 100 — 51002

The Thévenin equivalent circuit:

1000 -j1000
"y I °

($)500/-53.13"v

ui]

P 9.49  Open circuit voltage:

® a

j4(

£40) /FZQ/ £ 40

£40)
TV 2o

L e

(9 + j4)I, — I, = —60,0°



—L + (9 —j4)L, =60/0°

Solving,

I, = -5+ 725A; I, =5+ 725A
Vo, =41, + (4 — j4)L, = 100°V

Short circuit current:

T A

740

£40 /_I\/ z 40

9+ j4)L, — 1I,, — 4I,. = —60

—1L + (9 —jL, — (4 — j4)I = 60
—A4L, — (4 —jOL, + (8 — j4)I,. =0
Solving,

I,. =2.070°

Voo 100°
Ty = —2 = =4.830Q
T, 207000

Problems
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9-32 CHAPTER 9. Sinusoidal Steady State Analysis

Alternate calculation for Zy,:

L .a
140
£40 240

£40
T-340)
&b
N Z=441+4—j4=9—j4
le 4
9—44
4—j4
Ty = -
9—74
16 — j16
Zy=—t"
T 9—j4
ST L .a
140}
240 £ 40
Zl ZZ
ZS
&b
2
Zo—dtjh+ 2 20420
9—44 9—44
4—j4 40— 52
Zyp =4+ ] = 0 j.o
9—44 9—44
2640 — 7320
Za||Zb=—i7
864 — 7384
16 — j16 2640 — j320 4176 — 71856
Zs+ Zo||Zy = —— o7 IO _ 41830

9 — j4 + 864 — j384 864 — 5384



Problems

P9.50 [a]

I, -j100002
ae 1
+ +
V. ¥, £10000 a¥,
be

. VT 4 VT — CYVT
~ 1000 —41000

Iy

Ir 1 l-a) j—1+4a
Vo 1000 51000 51000
_Vr §1000

I) a—1+7

Zn 1s real when o = 1.
[b] Ztn = 10002

) 71000
Zrn = 500 — 7500 = ———
[e] Zmn J a—1+
B 1000 .1000(a — 1)

C(a—1)2+1 +j(a—1)2+1
Equate the real parts:

1000

-1 i1 500 (a—1)* +

(a—12=1 so a=0

Check the imaginary parts:

(v — 1)1000 _ 500
(—1)24+1 [a=1
Thus, o = 0.

[d] Zop = 1000 .1000(a — 1)

a—12+1 ‘a1 +1
For Im(Zty,) > 0, o must be greater than 1. So Zry, is inductive for
1 <a<10.
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P 9.51 1000 j100)

+ +
2a0/0°vC v, £500 v, LDQ

V,—-240 V, \%!

=)
710 * 50 i 30 + 510
Solving for V; yields

V, =198.63/—24.44°V

30
— (V) =188.43/— 42.88° V

V0: .
30 + 510
P9.52 jwL = j(2000)(1 x 107%) = j20

1 106
L S A— Y o
jwC — 7 2o000y(100) ~ 7

V1 =20/—36.87° =16 — j12V

Vo = 50/=106.26° = —14 — j48V

~14-448
i) -

20 Vv, -i50
tedtac 2100
v
v

V,— (16 —412) V, V,—(—14— j48
( J )_+ N ( 4-J )

_o =0
j2 10 —75
Solving,
V,=36/0°V

Uo(t) = 36 cos 2000t V



Problems 9-35

P 9.53  From the solution to Problem 9.52 the phasor-domain circuit is

20 vV, -j50
LA A P ”
16-712~ -14-948
v G 100 D~
v

Making two source transformations yields

+
3 1.
T §j2Q v F100 T il D) I,
16 — j12 .
I,=—2°=_6-j8A
gl j2 J
—14 — ;48
Ip=— 2" —06—j28A
g2 _]5 J
1 11
Y=—4—+—=(01-30.3)8S
72 10t 55— 01 -403)

1
Z=—=14i3Q
y — 1Y

I =1L, +1;,=236-j108A

Hence the circuit reduces to

V, = ZI, = (1+ j3)(3.6 — j10.8) = 36/0° V

Uo(t) = 36 cos 2000t V
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P 9.54 The circuit with the mesh currents identified is shown below:

j200 -55¢!
T T ||
20/36.87° v ﬂzl 10@1 snl106.26"v
I:

The mesh current equations are:
—20/—36.87° + j2I; + 10(I; — L) =0
50/—106.26° + 10(I — I ) — j5I, =0
In standard form:

I,(10 + j2) + Io(—10) = 20/ — 36.87°

I,(—10) + I,(10 — j5) = —50/— 106.26° = 50/73.74°

Solving on a calculator yields:

I, = —6 + 710A; I, =-9.6 4+ j10A
Thus,

V,=10(I; — I) = 36V

and

Uo(t) = 36 cos 2000tV

P 9.55 From the solution to Problem 9.52 the phasor-domain circuit with the right-hand
source removed is

120 ~450)

T A

+
16-312v yrs100

o

! 10H_j5

o m(16—]12) - 18—j26V



P 9.56

P 9.57

Problems

With the left hand source removed

120 ~450)

T A

_|_

vw,gl@ﬂ ) —14-448YV

10/52 , .
= (14— 748) =18 + j26 V
0 —g5-+1onj2( 748) J
V.=V, + V' =18 — j26 + 18 + j26 = 36 V
U,(t) = 36 cos 2000t V

Write a KCL equation at the top node:
Vo, V,—24In 'V,
+ +— -

10+ 710) =0

—j8 74 5 — (10+710)
The constraint equation is:

\£
I = —

— 8
Solving,
V, =780 =80/00°V

v, jzofl v,
; ID
25 100 ma (] 2 200 e (| >161,2500 T -3250
-

Write node voltage equations:
Left Node:
vV, V;-V,/8
— 4+ ———=0.0250°
40 * 720 o
Right Node:
VO o
— + +16I,=0

50 425
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P 9.58

P 9.59

CHAPTER 9. Sinusoidal Steady State Analysis

The constraint equation is

_ V,—-V,/8
420

Solution:

V,=(4+j4) =5.66/45°V

V; = (0.8+50.6) =1.0/36.87° V
I,=(5—715) = 15.81/— 71.57° mA

100) ~3100
A it
100/0°C /ﬁ}/ JE j5ﬁ/ﬁ}/ é}jluw
a b
2 |

(10 + j5)I, — 551, = 100/0°

—75I, — 551 = 7100

Solving,

L. =—j10A; I, =—-20+3510A
I,=1 — I, =20 — 520 = 28.28/— 45° A
io(t) = 28.28 cos(50,000t — 45°) A

~440

_]SQ /1&/

1200
A

(12 — j12)I, — 12, — 5(—j8) = 0

420V



Problems 9-39

—121, + (12 + j4)I, + j20 — 5(j4) = 0

Solving,

I, = 4—j2=447/—2657° A

P 9.60 Set up the frequency domain circuit to use the node voltage method:

+ vV, -
_3aD)
-j80)
v, ]:: v 12*\9;\,
508 (4 gqu (z0/an®v
v

0

\ —20/90°
AtVy:  —5/0°+ 1_j8VQ L _ji 0 _
V,—-V \" V, —20/90°
2 1_’_72+27L:0

At Vs
2 —i8 ' j4 12

In standard form:

1 1 1 20,/90°
Vi|—s+— ] +Vo[——2 ) =50°
1<_j8+_j4>+ 2< _j8> +

1 1 1 1 20/90°
V1<—.>+V2<_.+.+>: 20°

12

Solving on a calculator:

8 4
Vi=-—g 45V Vo= —8+4j4V

Thus

8 o6
Vo=V; —20/90° = —3 _j§ = 18.86/—98.13° V
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P9.61 jwlL = j5000(60 x 107%) = 300

1 —J
jwC — (5000)(2 x 10-6)

= —5100Q

13000 \L -j1000
T 500 +
b

/}/ /}/ 1000V,

a b
15 E'Id;- -

400/ 0° v

po—y

—400/0° + (50 + §300)1, — 501, — 150(I, — I,) = 0
(150 — 7100)T, — 501, + 150(I, — Iy) = 0

Solving,

IL=-08—j16A; I,=-16+j0.8A
V, = 100I, = —160 + j80 = 178.89/153.43° V
v, = 178.89 cos(5000t + 153.43°) V

P9.62 1/0 &

/o) Y EY O s/

10/0° = (1 — j1)I; — 1L, + j1I;

—5/0° = —1I; + (1 + j1)I, — j1I4



Problems 941

1=j1I; — jll, + I3

Solving,

I =11+ j10A; I, =11+ j5A; I;=06A
LL=I3—-1=5A=5/0°A

I, =1 —-I3=5+;10A =11.18/63.43° A
I.=L-I3=5+ 5A="7.07/45" A

=0 — L =j5A=5/00°A

P 9.63
I
7 | —
L2 |
200 v, 120 11600 g
o Y
100-350v( §j5Q =-3100 4y 30+520A
v
V. — (100 — 350 V. V.,—(140+ 530
(100 —j50) | Va (140 +430) _
20 7o 12 + 516
Solving,
V., =40+ 530V

140 +j30 | (40 +j30) — (140 + j30)
—510 12+ j16

=0

I, + (30 + 520) —

Solving,
I, =-30—710A

(100 — 550) — (140 + 530)
—30 — 410

Z = =2+420
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P9.64 [a] jwlc — —j500

jwL = j120Q

Z, = 100]] — j50 = 20 — j40 Q)

I, = 2/0°

V, = 1,7, = 2(20 — j40) = 40 — j80V

2000 -j400 000
s {1 A

v *
g ¥ rj1z00)

1120
)= mMo — j80) = 90 — 530 = 94.87/— 18.43° V
J
v, = 94.87 cos(16 x 10°t — 18.43°) V
8 x 10°
[b] w=2rf =16 x 10%  f—= =
m
1 T
8 x10° THS
18.43
v, lags i, by 201.09 ns
P9.65 jwL = j10°(10 x 107%) = j10Q
1 —j .
jwC — (109)(0.1 x 10-6) 7
V., =50/—90° = —j50V
V, = 25/90° = j25V
7100

-3100Q ’Q 1002
I A

]5DVC)J:/EL':2 ngQ'I—SJ IbG)jZE!V

(10 — 10)I; + j10I; — 1013 = —550



P 9.66

Problems

4101, + 101, — 1015 = 0

—10I; — 101, + 201 = j25

Solving,

L =05—j1.5A; Iz3=-1+305A I,=-25A
I, =-I = —0.5+ ;1.5 = 1.58/108.43° A

I, =—-I3=1-;05=112/—2657°A

ia = 1.58 cos(10% + 108.43°) A

i, = 1.12 cos(10° — 26.57°) A

[a] jwL; = j(5000)(2 x 107%) = 510

jwLy = §(5000)(8 x 107?) = 540 Q

jwM = 109
5100
100 /N
Ay
&
ménVC}ijQ jdﬂq 300

I I

o &

70 = (10 + 510)I, + 5101,

0 = j10I, + (30 + j40)I,,
Solving,

I, =4—j3A; I,=-1A
iy = 5 cos(5000t — 36.87°) A
ir, = 1cos(5000t — 180°) A

mEo M2

0.5
VLiL, V16
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[c] When t = 1007 us,
5000t = (5000)(1007) x 107 = 0.57 = m/2rad = 90°

i4(100mps) = 5cos(53.13°) = 3A

i (100mus) = 1cos(—90°) = 0 A

1 1 1
w = 51;1@3 + §L2¢§ + Miyiy = 5(2 x 107%)(9) +0+0=9mJ

When t = 2007 us,
5000¢ = mrad = 180°

ig(200mps) = 5 cos(180° — 36.87°) = —4 A

ir(200mps) = 1cos(180° — 180°) = 1A
1 1 ,
w=3(2x 107%)(16) + 5(8x 107%)(1) +2 x 107%(—4)(1) = 12mJ

P 9.67 Remove the voltage source to find the equivalent impedance:

2
ZTh:45+j125+< ) (5— j5) = 85 + j85 Q)

5 + 55|

Using voltage division:

425
Vin = Ve = 5201, = j20 ( ) = 850 + j850 V = 1202.1/45° V

5+ 45

g5c2 jB5 02

Aty & C
1202, 1/458% 4)
Virms) =

# d

P9.68 [a] jwL; = (200 x 10°)(107%) = 5200 Q2
jwLs = 5(200 x 10%)(4 x 107%) = ;800 Q2

1 —J
jwC (200 x 103)(12.5 x 10-9)

= —j400Q

Zay = 100 + 200 + 800 — 7400 = 300 + 5400 Q2
7%, = 300 — 5400 Q2

M = ky/LiLy =2k x 1073



P 9.69

Problems

wM = (200 x 10%)(2k x 107%) = 400k

B [40%

2
— — 7400) = k%(192 — j256) Q
5001 (300 — j400) (192 — j256)

Zin = 200 + 5200 4 192k? — j256k>

|

| Zin| = [(200 + 192k) + (200 — 256k%)?]

d|Ziy 1 1
| Zinl = —[(200 + 192k2)2 + (200 — 256162)2]*5 X
dk 2
[2(200 + 192k2)384k + 2(200 — 256k2)(—512k)]
d Zin
|dk| = (0 when

768k(200 + 192k?%) — 1024k(200 — 256k%) = 0

k? = 0.125; S k=+0.125 = 0.3536

[b] Zi (min) = 200 + 192(0.125) + j[200 — 0.125(256)]

= 224 4 7168 = 280/36.87° Q2

560,0°
1 - L 9/ 368T°A
L(max) = oy /168

11 (peak) =2A

Note — You can test that the & value obtained from setting d|Z,|/dk = 0

leads to a minimum by noting 0 < k£ < 1. If k =1,
Zin = 392 — j56 = 395.98/— 8.13° Q
Thus,

| Zinlk=1 > | Zinlp— o125

Ifk =0,
Zin = 200 + 5200 = 282.84/45° Q
Thus,

| Zin | k=0 > |Zin|k::\/0.125

jwLy = §509Q

jwly = j320

9-45
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1
= 200
JwC' J

JwM = j(4 x 10°)ky/(12.5)(8) x 107 = j40k
Zay =54 732 — j20 = 5+ j12Q

Zh, =5—j12Q

10k 1 . 2 2
J

Zap = 20 + 550 + 47.337k* — j113.609k% = (20 + 47.337k*) + j(50 — 113.609%?)

Z1, 18 resistive when

50 — 113.609k> =0 or k*=044 so k=0.66
Zap = 20 + (47.337)(0.44) = 40.83Q

P9.70 [a] jwLy = j1009
jwLs = §500 Q)
Za3 = 300 + 500 + 7100 + j500 = 800 + 5600
73, = 800 — j600 2

wM = 2701}

Z —(270>2[800 600] = 58.32 — j43.74Q
= \1000 SO T ORAs RS

[b] Zu, = Ry + jwLi + Z, = 41.68 + j180 + 58.32 — j43.74 = 100 + j136.26

P9.71

—— . =1
RIS \10:1.+
Dab

=y, H v, H v, |2,
. * I

A\

Z;, = —> =80/60°



Problems 947

Vo V3 B
0= 1 10I, = 115
A% A\
== 8I; = —1I
] 1 ) 1 2
Vi

Loy = —

b I,
Substituting,

Vi -8V, 8%V,

Ty = ~2 = _
T L —L/8 L

_ 8%(10V3)  (8)%(10)*V;
- I;/10 I

= (8)%(10)?Z;, = 512,000/60°

P9.72 InEq. 9.69 replace w?>M? with k*w? L, L, and then write Xy, as
k2w2L1L2(wL2 + u)LL)
R%Q + (ng + wLL)2

kZWLQ (WLQ + CULL)
R3) + (wly +wlp)?

Xap = wly —

:CULl{l—

For X}, to be negative requires

R3, + (wLy + wLp)? < K*wlLy(wLy + wlp)

or

R, + (why +wLp)? — K*wlo(wLy +wLp) <0
which reduces to

R2, 4+ W?LA(1 — k*) + wlowLp(2 — k) + w?L2 <0

But £ < 1 hence it is impossible to satisfy the inequality. Therefore X,;, can never
be negative if X is an inductive reactance.
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P9.73 [a] =
.+ 1
1[ )Nl vl
I,+I B
+ * +
v e ¥
ab I
_ &g~
b &
b L+L L+1, (1+ Ny/Ny)Ly
N
NI = NoI I, = -1
141 242, 2 NQ 1
V1 N1 Nl
ML V, =ty
V2 sz 1 N2 2
N
W+W=ZL:<1+QW
Ny
;o 1,7,
(N /Ny + 1) (1 + Ny /No)IL
A
L Q.E.D.

Db = T (NP

[b] Assume dot on the N5 coil is moved to the lower terminal. Then
N
w:-iw and I, = ——'I,

As before

Zab = and Vl -+ V2 = ZLIl

2
L +1;
V2 ZLII

Zap = (1= N;/No)L, - [1— (N1/N2))?LL

Zr,
[1— (N1/N2)J?

Zab =

Q.E.D.



Problems
P9.74 |[a]
.ji
+ * +
My 1 (I,+T,)
v, —
.+
NZ ‘?2 ZL
I, B
.-
T = Vab _ Vi+V,
I I
Vi V, Ny
— = Vo, =—V
Nl NQ? 2 Nl 1
Ny
NI = Nol I —I
14 212, 2 N, 1
N
Vo= +L)Z, =1, (1 + 1) Z,
No
N, N1>2
Vi+Vo=(—+4+1|Vo=(1+—| Z;1
s ()= (4 )
(1+ Ny /No)2Z 1y
Zab =
L
Ni\?
Zo=\14+—) Z .E.D.
b ( - N2> v Q
[b] Assume dot on /N, is moved to the lower terminal, then
\ L —N
-1 V, = \Y
Nl N2 ) 1 N2 2
—N,
NI = —NoL I, = I
11 212, 2 N, 1
As in part [a]
Vi+V
V2 = (IQ+11)ZL and Zab = 1;_ 2
1
Z. - (1 — N1/Ny)Vy B (1 = Ny/No)(1 — N1/No)Z 1y
o I, N I,

Zay = [1 = (N/N2)]* Z, QED.

9-49
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240 240
P9.75 I=—+ —=(10—47.5)A
[a] 21 T3 ( J7.5)

V, = 240/0° + (0.1 + j0.8)(10 — j7.5) = 247 + j7.25 = 247.11/1.68° V

[b] Use the capacitor to eliminate the j component of I, therefore

240
I. = j7.5A, Lo =——=—7320Q
37.5

V, =240+ (0.1 + 50.8)10 = 241 + 58 = 241.13/1.90° V

[c] Let I. denote the magnitude of the current in the capacitor branch. Then

I=(10—j7.5+ 1) =10+ j(I. — 7.5) A

V, =240/a = 240 + (0.1 + 50.8)[10 + j(I. — 7.5)]
= (247 - 0.8L;) + j(7.25 4+ 0.1L,)
It follows that
240 cosa = (247 — 0.81.) and 240sina = (7.25+ 0.11)
Now square each term and then add to generate the quadratic equation
I — 605.77I, + 5325.48 = 0; I. = 302.88 £ 293.96
Therefore

I. = 8.92 A (smallest value) and Z. = 240/58.92 = —526.90 (2.

P9.76  The phasor domain equivalent circuit is

L T .
£y 1,

—m Rl - '

2 -J1%.

Vm 1] n + VD -

v +

§m Rl IR Rx
L

R LRI Gt
2 Rx _jXC

As R, varies from 0 to oo, the amplitude of v, remains constant and its phase angle
decreases from 0° to —180°, as shown in the following phasor diagram:



Problems

/2
R:‘C:mll
Ny
"
T
P9.77 |[a]
I . 0.150 60
L Ay
+ v, e
v 120/0°V 7 50 120
.
120 120
I, = — =16—710A
=75t J
Vo= (0.15+ j6)(16 — j10) = 62.4 + j94.5 = 113.24/56.56° V
Vo =120/0° + V, = 205.43/27.39° V
[b] .
VE
VL
120 120
L= =+ =48 j30A
el =55+ J

V, = (0.15 + j6)(48 — 530) = 339.73/56.56° V
V, =120 + V, = 418.02/42.7° V

Ve

Vi

9-51

The amplitude of V, must be increased from 205.43 V to 418.02 V (more than

doubled) to maintain the load voltage at 120 V.
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120 120 120
dll,=—+—+ —=48 + 730 A
d] I, 2-5+j4+—j2 +J
Vi = (0.15 + j6)(48 + j30) = 339.73/120.57° V
V, =120+ V, = 297.23/100.23° V

Ve
V.,

S

VL

The amplitude of V, must be increased from 205.43 V to 297.23 V to maintain
the load voltage at 120 V.

1
P9.78 V,=4/0°V; = —720k2
Let V, = voltage across the capacitor, positive at upper terminal
Then:
V. —4/0° V. Va ,
=0; S Va=(1.6-508)V
20,000 * —720,000 ~ 20,000 ’ ( J08)
0-V, 0-V, Va
= 0 VO e
20,000 * 10,000 ’ 2

V,=—-0.8470.4 =0.89/153.43° V

v, = 0.89 cos(200t + 153.43°) V

P9.79 [a] 10kC
Ay
1.2‘\.-r
20k v 20k
A A0, ;
4 u'jv& 1l :
Jac, ! 33k 0
=12
v
V. —4/0° V.
Te T 4 SLCLV, =0
20,000 " 7¢%Ya T 50000
B 4
* 24 520,000wC,

V. )
V, = 5 (see solution to Prob. 9.78)



P 9.80

Problems
vV _ -2 B 2/180°
2454 x105C, 24 j4 x 108C,
denominator angle = 45°
so 4x10°C,=2 .. C,=0.5uF
2/180°
b] V, = — =0.707/135°V
[b] 2452
v, = 0.707 cos(200t + 135°) V
= —710k2
ij’l J
= —7100kS2
JwCsy J
100k
Ay
_4100kC
5V
SKQ | 20k0 *
A Ay ;
S :
2/0 v 1 .
V] -310KG ¥ =40k0
! ]
— -5V
v v
V.,—2 V. V. V.-V,

5000 —j10,000 20,000 | 100,000
20V, — 40 4+ j10V, + 5V, +V, =V, = 0
(26 + j10)V, — V, = 40

0—V, N 0-V,
20,000  —3100,000

J9Va—V, =10
Solving,
V, =143+ j7.42 ="755/79.11°V

v,(t) = 7.55 cos(10% 4 79.11°) V

9-53
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P9.81 [a] V,=25/0°V

20
Vp:mvg:&')@; Vn:Vp:E)@V
5 5-Ve_,
80,000 Z,
Z, = —380,000]]40,000 = 32,000 — ;16,000 2
57, _
»= —7—j1="707/—813°
Vo= o000 F8 =TI =T07/=818°V

v, = 7.07 cos(50,000t — 8.13°) V
[b] V, = 0.2V, 0% Vo=V, =02V, 0°
02V, 02V =V,
80,000 32,000 — j16,000
32,000 — 716,000
80,000

10.2V,,,(1.4 — j0.2)| < 10

V, =02V, + V,u(0.2) = 0.2V,,(1.4 — 50.2)

Vin < 35.36V
1 .
P9.82 [a] — = —j209Q
JwC'
Va N V.-V, 0
20 —j20
V, V. V.,
= — 4+ —
—j20 20 —j20
V, = —j1V,+V, = (1 —j1)V,

_ Vg(l/jwco> _ \Z
P54 (1/5wC,) 14 5(5)(105)C,
V,=60°V
6/0°
Vo= 1+ j5 x 10°C, =Va
(-6
1+ 45 % 10°C,
B V2(6) _
Vol = =6
\/1+25 x 1010C2
Solving,

C, =2uF



Problems 9-55

6(1— j1) .
b o — ———(—— = — V
(bl V 1+ 41 76

v, = 6cos(10°t — 90°) V

P9.83 [a]
Ay
Rz
T
Iin * EDZ
— v 5
+ & Z/l & +
Y IID ‘H'D
Because the op-amps are ideal I;;, = I, thus
Vab Vab Vab - VO
Zap = = —; I, = ———
T, 1, 7
R,
Vo= Vi, Vo= - ( . ) Vo= —KV, = —KV,,
1
Vo = V02 = _KVab
- Var — (=K Va,)  (1+ K)Vy,
o Z N Z
. Va Z
T 1+ K)Va  (1+K)
bl Z=——  g,-— 1 Con = C(1 + K)
~ jwC’ T uC(1 + K) ab ™
120 240
P 9.84 L[ = —— + " —9329—413.71 = 27.02/—30.5° A
lal L= T 5163 J [£30.5°
120 120
L=— -~ =50°A
27 12 24 I
120 240
I, = = 92829 — j13.71 = 31.44/—25.87° A
3T 12 T84+ j6 J 2587
120 120
I,=— =50°A; I=-— =10/0°A
4 24 5& ) 5 192 0&
240 . 0
I = 18.29 — j13.71 = 22.86/—36.87° A

T 84+ 6.3
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P 9.85

CHAPTER 9. Sinusoidal Steady State Analysis

L=0 I;=15A I; =10A

[b]

[c] The clock and television set were fed from the uninterrupted side of the circuit,
that is, the 12 Q2 load includes the clock and the TV set.

[d] No, the motor current drops to 5 A, well below its normal running value of
22.86 A.

[e] After fuse A opens, the current in fuse B is only 15 A.

[a] The circuit is redrawn, with mesh currents identified:

s 102
Ay

120:’_° D £200
£100

13.2/0% kv A . g
B 12 uf_“ w 2400
% 1o T
A

The mesh current equations are:
120/0° = 231, — 2I, — 201,
120/0° = —21, + 431, — 401,
0 = —20I, — 40I, + 701,
Solving,
I, =24/0°A I, =21.96/0° A I.=19.40/0°A

The branch currents are:
L =1,=24/0°A
L=I-1,=204/0°A
I=1,=21.96/0°A

I, =1.=19.40/0° A
I;=1,-1.=46/0° A
Ig=1I,—1.=255/0°A
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Problems

9-57

[b] Let /V; be the number of turns on the primary winding; because the secondary
winding is center-tapped, let 2N, be the total turns on the secondary. From

[a]

Fig. 9.58,
13200 240 o Ny 1
N, 2N, N, 110

The ampere turn balance requires
NI, = Noly + Nols

Therefore,

Ny 1
I = —(I I;) = —(24 + 21. =0.42/0° A
p Nl( 1+ I3) 110( +21.96) = 0.42/0°

Check voltages —

V, =10l =194/0° V
V5 =20I; =92/0°V
Vg = 40l = 1020° V

All of these voltages are low for a reasonable distribution circuit.

162
A

[m]
13.2/0 kv

The three mesh current equations are

120/0° = 231, — 2I,, — 201,

1200° = —21I,, + 231, — 201,

0 = —20I, — 20I,, + 501,

Solving,

I, =24)0°A; I, = 24/0° A, I.=19.20°A
L=I-1I,=0A

N N
[b] I, = ﬁ2<11 +1;) = FQ(Ia + 14
1

1

1
= 724+ 24) = 0.4360° A
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[c] Check voltages —

V, = 101, = 101, = 192/0° V
Vs = 2015 = 20(I, — L) = 96,0° V
Vi = 40l = 20(I, — L) = 96,0° V

Where the two loads are equal, the current in the neutral conductor (I5) is zero,
and the voltages V5 and Vi are equal. The voltages V,, V5, and Vg are too low
for a reasonable dirtribution circuit.

P9.87 [a]
0.0202  50.020
‘i

125@0\1@ > R
D.DBQIl 30.030 w
iR
Ly
I
a §R 3
125@ V()
0.020T,% 50,02
Ly

125 = (R + 0.05 + j0.05)I; — (0.03 + 50.03)I, — RI;
125 = —(0.03 + j0.03)I; + (R + 0.05 + j0.05)I5 — RI;

Subtracting the above two equations gives

0= (R +0.08 4 j0.08)I; — (R + 0.08 + j0.08)I,
11212 SO Inzll—IQZOA
[b] V1 = R(Il - Ig), V2 = R(IQ — 13)

Since I} = I (from part [a]) V; =V,

[e]
0.02Q  §0.02Q
Ay
o +
125@ () v, £ 600
w w 2100
g4 =) n
a + ja]
125@%@ v, 3 6000
0.0202  §0.02Q

Ay



[d]

Problems

250 = (660.04 + j0.04)I, — 6601,
0 = —660I, + 670IL;,

Solving,

I, =25.28/—0.23° = 25.28 — j0.10 A

I, =24.90/—0.23° = 24.90 — j0.10 A

ILL =1, — I, =0.377 — 50.00153 A

V; = 60I; = 22.63 — 50.0195 = 22.64/— 0.23°V
Vo = 600I; = 226.3 — 70.915 = 226.4/— 0.23° V

0.0202  50.020
‘i

125@0\1@
0,037t §0.03Q

£
Ay :[3

> \ilgeugz
£100

+

v

125@%@ w %, 2 6000

n.020I,% 50,020
Ay

125 = (60.05 + 50.05)I; — (0.03 + j0.03)I, — 601,
125 = —(0.03 + j0.03); + (600.05 4 50.05)I, — 6001
0 = —60I; — 600IL, + 670I;

Solving,
I, =26.97/—0.24° = 26.97 — j0.113 A

I, = 25.10/— 0.24° = 25,10 — j0.104 A
I; = 24.90/— 0.24° = 24.90 — j0.104 A
Vi =60(I, — Iy) = 124.4/— 0.27°V
V, = 600(I, — I3) = 124.6/— 0.20° V

9-59

[e] Because an open neutral can result in severely unbalanced voltages across the

125 V loads.
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P9.88 [a] Let N; = primary winding turns and 2N, = secondary winding turns. Then

14000 250 Ny 1
N, 2N, ON, 112
In part ¢),
I, = 2dl,
ONI, 1
I, = =1,
P N, 56

1 .
= £5(25.28—j0.10)

I, =451.4 — j1.8mA = 451.4/— 0.23° mA
In part d),

IpN1 - IlNQ —+ 12N2

I =—0+L)
= i(26 97 — 50.11 + 25.10 — 50.10)
=1 . 70. . 0.
1

= 2.07 — j0.22
5 (5207 j0.22)

I, =464.9 — j1.9mA = 464.9/— 0.24° mA

[b] Yes, because the neutral conductor carries non-zero current whenever the load is
not balanced.



